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and nucleotide removal as well as QiaPrep spin columns for miniprep plasmid purification were from Qiagen (Hilden, Germany). Slide-a-lyzer dialysis casettes and MINI dialysis buttons were from Thermo Scientific (Rockford, IL, US). Amicon Ultracentrifugal concentration units were from Merck Millipore (Tullagreen, Ireland) . Spectra/por dialysis tubing was from Spectrum laboratories Inc (Rancho Dominguez, CA, US).
Instrumentation
Bacterial cells for recombinant protein expression were grown in an HT infors AG incubator, recovered with an Avanti J-20 XPI centrifuge from Beckman Coulter and sonicated using a Vibra-cell VCX 750
Sonics & Materials sonicator. Manual peptide synthesis and reactions on solid-phase were carried out in reaction vessels from Peptides International and automated peptide synthesis done on a Tribute instrument from Peptides International Inc. Size exclusion chromatography and ion exchange purification was performed on an AKTA Pure FPLC system from GE Healthcare. Size-exclusion were done using a S200 10/300GL or S75 10/300 column from GE Healthcare. Cation exchange and anion exchange purification was done using HiTrap SP HP (5mL) and HiTrap Q FF (1mL) traps from GE Healthcare. Analytical reversed-phase HPLC (RP-HPLC) was performed on an Agilent 1260 series instrument with an Agilent Zorbax C18 column (5μm, 4.6 x 150 mm), employing 0.1% TFA in water (RP-HPLC solvent A), and 90% acetonitrile, 0.1% TFA in water (RP-HPLC solvent B), as the mobile phases.
Typical analytical gradients were 0-70% solvent B over 30 min at a flow rate of 1 mL/min. Preparative scale purifications were conducted on an Agilent 1260 preparative HPLC system. A Zorbax C18 preparative column (7 μm, 21.2 x 250 mm) or a semi-preparative column (5 μm, 9.4 x 250 mm) was employed at a flow rate of 20 mL/min or 4 mL/min, respectively. ESI-MS analysis was conducted on a Shimadzu MS2020 single quadrupole instrument connected to a Nexera UHPLC system. Absorbance spectra were recorded with an Agilent 8453 UV-Vis spectrophotometer. SDS-PAGE, native PAGE and agarose gels were imaged using a ChemiDoc MP imaging system from BioRad. Titrations using microscale thermophoresis were done on a MonoLith NT.115 instrument equipped with blue/green or green/red filters from NanoTemper technologies. Live-cell confocal microscopy was done on a LSM700 inverted microscope from Zeiss. For single-molecule TIRF microscopy a Nikon Ti-E inverted fluorescence microscope, controlled by NIS-elements, equipped with a CFI Apo TIRF 100x Oil immersion objective (NA 1.49) was used. Scanning force microscopy was performed with a Bruker FastScan AFM and NCHV AFM cantilevers (Bruker).
Mathematical modeling.
The kinetic model considers all elementary steps of protein -chromatin interactions, up to third order reactions (Fig. S10a) Figure S10) (1). The ordinary differential equations (ODEs) of the reaction system were solved using the CVODE solver from the SUNDIALS toolbox for MATLAB (2).
Parameter Estimation. We estimated the model parameters using gamultiobj in MATALB, a genetic multi-objective optimization algorithm based on the NSGA-II algorithm (3). To train the algorithm, we used the results of the single-molecule TIRF experiments with HP1 at 1 nM concentration and with HP1 at 5 nM concentration ( 
To simplify the parameter estimation, we used dimensionless quantities to describe our system. The only independent units of our system are concentration and time. Thus we scale our system using a characteristic concentration 1 and a characteristic time Table S1 and a description of the dimensionless parameter can be found in Table S2 and Table S3 . From the parameter optimization, we obtained 168 parameter sets with different parameter combinations ( Fig.   S11 ). For the investigations presented in this work, we used the median of these populations as parameters for the model (Tables S2 -S3) Stochastic model. We verified our deterministic parameter estimation using stochastic simulations, directly simulating the single molecule binding experiments. To translate the deterministic model into a stochastic simulation we transferred the rate equations into propensities as described by Gillespie (4). The stochastic model was then simulated using StochPy (5). To evaluate the stochastic simulations, bright and dark times, i.e. the durations a labeled protein is bound to a chromatin array and the times the array remains free, were determined ( Fig. 4b) . To this end, we simulated a single chromatin array as 24 H3K9 and 120 DNA binding sites. Subsequently, we compared the simulations to the experiments using cumulative histograms of the bright and dark times. Since the experimental procedure cannot resolve events shorter than 0.05 s these events were removed by a low-pass filter in our simulations (Fig. S10b) . Comparing the complete lifetime histograms in log(t) space we clearly can see that the model captures events that are beyond the resolution of the experimental measurement (Fig. S10c vs. S10d). From the simulated cumulative lifetime histograms, observable rate (time) constants are then retrieved ( Fig. 4c-f) , dependent on the input parameters. To vary the overall binding affinity of H3K9me3 and DNA interactions we scaled the free energy of the a single DNA or H3K9me3 binding site. Thus, the binding constants of bivalent bound species are scaled by the a square of the scaling factor for the respective monovalent bound species.
Sensitivity analysis.
To determine parameter sensitivity, we performed variance-based sensitivity analysis (VBSA or Sobol' Method) (6) using the SAFE tool box in Matlab (7) (Fig. S12) . VBSA computes individual and total sensitivities scores, quantifying the impact of a parameter on the model output from the contribution if (i) only the parameter in question is varied or (ii) the parameter is varied in combination with all other parameters. We defined a set of output parameters (bound HP1 concentration, the two apparent dissociation time constants  off,1 and  off, 2 and the percentage of the amplitude of the slow dissociation process). The analysis was performed for all the model parameters (Tables S2-3) , varying forward and reverse rate constants for each reaction. For each output parameters, the 5 most significant parameters (parameters with the largest total scores) were determined. For these parameter we extracted the ten-fold change of the model in-and output with respect to the reference model (Tables S2-3) using linear regression (Fig. S13) . This yields the most probable global effect effect on the on the model for a given set of parameters. The indicies show S5 whether correlation, anti-correlation or no-correlation is expected between the respective model output and a parameter (Fig. 5g) . Table 1 ) are reversible and governed by equilibrium (Supporting Table 2 ) and rate constants (Supporting Table 3 ). b) Ideal low pass filter for fast events.
Supporting references
The post-processing is applied to mimic the low pass filtering effect of the microscope that integrates the intensity over a time τ 0.05 s. Events with a duration below this threshold are not taken into Plotted are the sensitivity indices as calculated by Sobols' method (6) for the parameters with the largest global effect on the total bound concentration of HP1 (HP1 bound), the fast τ off,1 and slow τ off,2 dissociation times as well as the relative amplitude of the slow phase A 2 . The individual sensitivity indices account for the sensitivity of the model output with respect to change only in a specific parameter, whereas the total sensitivity indices also accounts for the interaction effects of this parameters with all the other parameters. 
